The process of homolog pairing is well characterised in meiosis of male mammals, but much less information is available from female meiosis. We have therefore studied telomere dynamics by FISH and synapsis formation by immunostaining of synaptonemal complex proteins (SCP3, SCP1) on ovarian sections from 15 bovine fetuses, which covered the entire female prophase I. Telomeres displayed a dispersed intranuclear distribution in oogonia and relocated to the nuclear periphery during the preleptotene stage. Tight telomere clustering (bouquet formation) coincided with synapsis initiation at the leptotene/zygotene transition. Clustering of telomeres persisted during zygotene and even into the pachytene stage in a subset of nuclei, while it was absent in diplotene/dictyotene stage nuclei. Thus, the bouquet stage in the bovine female lasts significantly longer than in the male. Further, we observed that synapsis in the female initiated both terminally and interstitially in earliest zygotene stage oocytes, which contrasts with the predominantly terminal synapsis initiation in early zygotene spermatocytes of the bovine male. Altogether, our data disclose a sex-specific difference in telomere dynamics and synapsis initiation patterns in male and female bovine germ cells that may be related to the sex-specific differences in recombination rates observed in this and other mammalian species.
Introduction
Homologous chromosomes (homologs) pair and recombine during the extended prophase of the first meiotic division. Pairing of homologs is associated with an intranuclear redistribution of chromosomes and the formation of the synaptonemal complex (SC), a proteinaceous structure that connects homologs along their lengths during the pachytene stage of meiotic prophase (Heyting, 1996; von Wettstein et al., 1984; Walker and Hawley, 2000) . Recombination takes place within the context of the SC and, after dissolution of the SC during diplotene stage, homologs remain linked by chiasmata (for review see Jones, 1987; Roeder, 1997; Zickler and Kleckner, 1999) . Although this general pattern of meiosis is shared between males and females, some sexspecific differences have been observed in mammals. At the global level, the total length of the SC is about twice the length in human oocytes compared to in spermatocytes (Bojko, 1983; Wallace and Hultén, 1985) and the overall recombination rates are about two times larger in females than in males in humans and mice (Broman et al., 1998; Roderick et al., 1996) . This together with their own data on covariation of SC length and meiotic exchange rates led Lynn et al. (2002) to suggest that SC length reflects genetic map distance in mammals. The global sex-specific differences are also accompanied by differences in recombination rates between chromosomes and between chromosome regions. The terminal chromosome region is for example generally showing an increased recombination rate in males compared to females-a difference that seems to be reflected on the physical level by a corresponding difference in the frequency of chiasmata Yu et al., 2001 ).
Given the sex-specific differences, it is unfortunate that the three-dimensional chromosome dynamics during first meiotic prophase has mainly been analysed using spermatocytes (Pfeifer et al., 2001; Rasmussen and Holm, 1978; Scherthan et al., 1996 Scherthan et al., , 1998 and that most data on female prophase I have been obtained on squashed or microspread oocytes (e.g., human: Barlow and Hultén, 1998a; Speed, 1982 Speed, , 1985 Wallace and Hultén, 1985; cattle: Koykul and Basrur, 1994; Koykul et al., 1997) where spatial information is lost. The three-dimensional reorganisation during onset of female prophase I has only been described in two ultrastructural studies using serial sectioning of few human oocytes (Bojko, 1983 (Bojko, , 1985 . Although the sample size is small, these studies indicated that the sex-specific differences of recombination rates may be reflected at the cytological level, because interstitial sites of synapsis initiation, which are expected to correlate with initiation of recombination (see Zickler and Kleckner, 1999) , were observed only in human oocytes and not spermatocytes I (Bojko, 1983; Rasmussen and Holm, 1978) .
We here report on the sequence of three-dimensional telomere redistribution and SC formation during first meiotic prophase in the bovine female as compared to that of bovine males.
Materials and methods
Bovine fetuses as well as 5 ϫ 5 ϫ 5 mm samples from adult bovine testes were collected approximately 20 min after slaughter at a local abattoir. Crown rump length (CRL) of each fetus was measured and the age of the fetus was estimated according to Rüsse and Sinowatz (1991) and the sex was diagnosed from the genitals. For each female fetus, ovaries were rapidly resected and one ovary was fixed for 4 h in 4% formaldehyde/PBS, while the contralateral ovary was snap frozen in isopentane, precooled in liquid N 2 , and stored in liquid N 2 until use. Samples of testes of adult bulls were processed similarly.
Formaldehyde-fixed tissues were embedded in paraffin and 5 m sections were mounted on silane-coated slides (Knittel Gläser, Germany) that were stored at 40°C over- 
Note. Age of fetuses are given in days after conception (d.p.c.) as estimated from fetal crown rump length (CRL; based on Rüsse and Sinowatz, 1991) . The ages are assigned to 5-day intervals because of the variability of fetal sizes at a given d.p.c. Fig. 1 . Spatial organisation of germ cells in ovary of fetus at 95 dpc. The cortex is divided into three parts containing oogonia (I), germ cell clusters with oocytes in meiotic prophase (II), and diplotene/dictyotene stage oocytes in primordial follicles (III). HE staining of representative area beneath the germinal epithelium, bar, 100 m.
night to foster firm adherence of tissue to the glass. Sections were stained with haematoxylin-eosin (HE) or by standard Feulgen procedure.
SC staining by SCP1 (Meuwissen et al., 1992) and SCP3 (Lammers et al. 1994 ) immunofluorescence was done as described previously (Pfeifer et al., 2001 ). The 12 m frozen tissue sections were mounted on silane-coated glass slides and fixed in 4% formaldehyde/PBS. Sections not immediately used for immunostaining were stored in 80% glycerol/20% PBS at 4°C until further use. Combinatory SC IF and telomere FISH with a directly labelled CCCATT 3 PNA probe (DAKO) was done as described elsewhere (Pfeifer et al., 2001) .
Apoptotic germ cells were identified by terminal deoxynucleotidyl transferase-mediated dUTP-digoxigenin nick end-labelling (TUNEL) method combined with immunostaining of SC proteins. Cryosections on silane-coated slides were permeabilised in 0.5% Triton/PBS for 90 min at RT, incubated with TdT buffer containing 100 U/ml TdT enzyme (Roche Biochem, Germany), 10 mM d(A,G,C)TP, and 10 mM digoxigenin-dUTP (Roche Biochem) for 2 h at 37°C followed by termination of the reaction by several washes in 2ϫ SSC and PBS. Digoxigenin was detected using anti-DIG-Rhodamine (1:500; Roche Biochem), while immunostaining of SCP3 was performed as described above. Omission of either TdT or digoxigenin-dUTP from the TUNEL reaction produced no staining. The morphology of TUNEL-positive cells was examined by DAPI staining.
Preparations were evaluated using a Leica fluorescence microscope with separate band pass excitation filters for DAPI, FITC, and Cy3 and recorded using a Quantix CCD camera (Photometrix, Tucson AZ).
Results
We investigated meiotic chromosome behavior in female bovine fetuses of day 60 to day 165 postconception (pc) ( Table 1) . Since female meiosis begins at day 82 pc, in bovine fetuses and last divisions of oogonia take place around day 160 pc (Erickson, 1966; Rüsse, 1983) , the material used spans the developmental window of the entire female prophase I. Accordingly, we observed that a distinct division of the ovarian cortex into an outer, a middle, and an inner region became evident from 80 to 95 days pc in HE-stained sections (Fig. 1) . These regions were retained in all the following developmental stages, although their relative size changed. The proportion of the inner cortical region increased in the older age groups (105-165 dpc), while the proportion of the outer cortical region was reduced. We further observed a morphology of Feulgen-stained germ cell nuclei in fetal stages that corresponded well with previous descriptions of the normal germ cell development in fetal bovine ovaries (description included below).
Sections of the cryopreserved ovary were used for staging by FISH and immunostaining with SCP1 and SCP3. The section thickness of 12 m represents a compromise between the aim to obtain nuclei that are largely intact (nuclei diameter ranged from 8 to 16 m) and the requirement of efficient penetration of antibodies and probes. The description below is based on the analysis of 5-10 immunostained ovarian sections for each fetus and of several focal planes of 10 -50 representative nuclei of each substage and specimen.
Oogonia displayed an ellipsoid to round nucleus of 10-14m diameter and perinuclear chromatin condensation in an otherwise weakly staining nucleus ( Figs. 2A and 3A ). They were found in the outer region of the ovarian cortex in all fetal stages studied. Telomeres were dispersed throughout the nuclear lumen and immunostaining for SC proteins was negative. Oogonia were easily distinguished from the surrounding somatic cells that were characterised by smaller ellipsoid nuclei (diameter 8 -10 m), a more diffuse chromatin distribution and one or more nucleoli (Fig. 3A) that presented themselves as characteristic dark areas in DAPIstained sections (not shown).
A distinct cell type found in all Feulgen-stained fetal ovaries displayed a large, round nucleus with dense clusters of chromatin located predominantly at the nuclear periphery (Fig. 3A) . We address this cell type as mitotic oogonia, because of their large size, peripheral chromatin distribution, and their presence in ovaries at 60 dpc-i.e., before the onset of meiosis. Furthermore, they are similar to the cells described as oocytes in premeiotic interphase in fetal bovine ovaries between 90 and 240 dpc (Henricson and Rajakoski, 1959) , and as oogonia in mitotic prophase in the rat (Beaumont and Mandl, 1962) . This interpretation is supported by the fact that they were generally TUNEL-negative, indicating that they were not degenerating oogonia, and the fact that SCP3 protein aggregates were absent. It is notable, however, that this variant morphology of mitotic oogonia seems to be specific for the female, because we did not observe similar features in bovine spermatogonia where mitotic figures displayed a central distribution of chromosomes.
Preleptotene stage nuclei were identified by the presence of one or more intranuclear SCP3 aggregates (Figs. 2B and C), which have been shown to mark the onset of prophase I in male cattle and mouse (Pfeifer et al., 2001; Scherthan et al., 1996) . Early preleptotene stage oocytes were first observed in the ovary of fetuses at 70 dpc and late preleptotene stage oocytes at 80 dpc. Oocytes in preleptonema were present in fetuses at all following stages including 165 dpc. They were generally located in the outer region of the ovarian cortex. Nuclei were 12-13 m and ellipsoid-round and contained fine chromatin threads and chromocenters in the Feulgen-stained sections (Fig. 3B) . They stained evenly with DAPI but contained DAPI-negative areas, which colocalised with SCP3 aggregates. These areas correspond to nucleoli, since rDNA and SCP3 aggregates colocalise in mouse preleptotene spermatocytes (H. Scherthan and S. Weich, unpublished data) . Nuclei with peripheral and internal telomeres (Fig. 2B) were interpreted as early preleptotene stage, whereas nuclei with telomeres exclusively dispersed over the nuclear periphery (Fig. 2C) were categorised as late preleptotene stage. This indicates a relocation of telomeres to the nuclear envelope during preleptotene stage, which mirrors the situation in the bovine male (Pfeifer et al., 2001 ) and the mouse (Scherthan et al., 1996) and even maize (Bass et al., 2000) .
Leptotene oocytes were identified by the appearance of threads of SCP3-positive axial elements and SCP3 aggregates (Figs. 2D and E) . Oocytes in leptonema were first observed in fetuses at 80 dpc and were present in fetuses at all following stages. They were mostly located in the germ cell clusters of the outer and middle cortical regions. Nuclei of leptone oocytes were round and larger (13-16 m) than nuclei of preleptotene oocytes and the Feulgen-stained nuclei contained fine chromatin threads (Fig. 3C) . As for preleptotene nuclei, they stained evenly with DAPI, with DAPI-dark areas at the regions of SCP3 aggregates (nucleoli). Telomeres were located exclusively at the nuclear periphery and were associated with short-to-long threads of SCP3-positive axial elements that extended from the peripheral telomeres to the nuclear interior. Leptotene nuclei with telomeres dispersed over the nuclear periphery (Fig. 2D) were interpreted as early leptotene, while leptotene nuclei with tightly clustered telomeres (bouquet arrangement) and more advanced axial element formation were categorised as late leptotene/earliest zygotene (Fig. 2E) . Although leptotene stage oocytes generally failed to show SCP1 staining, there were a few nuclei with dispersed telomeres and one nucleus with clustered telomeres where a speckled SCP1 staining indicated synapsis initiation. These observations suggest that tight telomere clustering in the female commences at earliest zygotene.
Zygotene stage oocytes were identified by the appearance of intranuclear threads of SCP1 signals (Fig. 2I, F , and J). Both early and late zygotene stage oocytes were generally found in the germ cell clusters of the middle cortical region at 80 dpc and at all later stages. SCP1 aggregates were not observed prior to assembly into the SC. Generally, zygotene stage nuclei were crescent-shaped and smaller (9 -12 m) than those of leptotene stage oocytes. Nuclei at this stage further displayed SCP3 foci and elongated axial elements as well as peripherally located telomere signals. In early zygotene nuclei with short SCP1-positive threads, the telomere signals were tightly clustered at a small sector of the nuclear periphery (Fig. 2I ). This bouquet topology was also observed in several Feulgen-stained nuclei (Fig. 3D) . Synapsed regions appeared in the vicinity of the telomeres as well as interstitially (see below, Fig. 5 ). Later, zygotene nuclei with extended SC formation showed different degrees of telomere dispersion over the nuclear periphery ( Fig.  2F and J) . In the male, however, only one late zygotene nucleus of several hundred spermatocytes studied displayed telomere polarisation. Thus, the general pattern emerging from this and our previous study (Pfeifer et al., 2001 ) is that male zygotene nuclei show a shorter duration of the bouquet stage with less tight telomere clustering than females.
Pachytene stage oocytes displayed SCP3-and SCP1-positive SCs connected to the nuclear periphery by their telomeres and traversing the nucleus (Fig. 2G and K) . Intranuclear SCP3 aggregates were no longer apparent. Oo-cytes in pachynema were first observed in fetuses at 80 dpc and in all older fetuses. They were mostly located in germ cell clusters in the middle-to-inner regions of the ovarian cortex and their nuclei were displayed thick chromosome threads at Feulgen staining (Fig. 3E) . The nuclei were crescent shaped to round, 12-15 m in diameter, and evenly DAPI-stained. Telomere signals were located either clustered at one side of the nucleus (pachytene bouquet) or dispersed over the nuclear periphery, indicating a persistence of chromosome polarisation up to pachytene stage, which contrasts remarkably with the absence of telomere clustering in pachytene nuclei of the bovine male (Pfeifer et al., 2001) .
Diplotene/dictyotene stage oocytes displaying a diffuse nuclear distribution of SCP3 and SCP1 (Fig. 2H and L) first appeared in fetuses at 90 dpc, became abundant at 105 dpc, and occurred at all later stages. Their nuclei were generally located in the inner region of the ovarian cortex and showed thin fuzzy chromatin threads upon Feulgen-staining ( Fig.  3E and F) . Generally, diplotene and (later) dictyotene oocytes located isolated in the centre of primordial follicles (Fig. 3F) , although a few still occurred in germ cell clusters (Fig. 3E) . The large (13-15 m) and round nuclei showed weak DAPI-staining, and telomere signals were scattered throughout the nucleus. These nuclei were TUNEL-negative and we therefore address this staining pattern as a progressed dissolution of the SC and a low degree of chromatin packaging, possibly resulting from a high transcriptional activity during diplotene and dictyotene. Diplotene stage nuclei with separated SCP3-positive lateral axial elements, as present in the bovine male (Pfeifer et al., 2001) , were not observed. The possibility that the fragile axial cores of the dismantling SC could have been disrupted by the IFϩFISH technique cannot be neglected, since diplotene cores are known from spread rat oocytes . However, there remains the possibility that diplotene is a short transitory stage with rapid dissolution of SCs and SCP3 cores, which, by immunocytology, can hardly be discriminated from dictyotene. Therefore, we refer to nuclei with fragmenting SCs (Fig. 2H ) as early and with a more diffuse distribution of SCP3 (Fig. 2L ) as late and have included them in a combined diplotene/dictyotene category (Table 1) .
Aberrant patterns, i.e., oocyte nuclei with staining patterns deviating from those described above, were a frequent finding. A variant SCP3 staining pattern was observed in two of the fetuses (105 and 150 dpc), where several nuclei showed SCP3-positive, dot-like thickenings distributed along the entire length of axial elements and/or SCs (Fig.  4A) . Larger SCP3 foci not connected to axial/lateral elements were present in some nuclei and absent in others, while telomeres were consistently dispersed at the nuclear periphery. The SCP3-positive thickenings were distributed along the entire length of the axial/lateral elements with a difference in morphology than the SCP1-positive SC stretches in zygotene stage nuclei (see below). Thus, the SCP3 threads in these nuclei are unlikely to represent SC regions but they may rather be analogous to a type of leptotene stage human oocyte with nodular appearance of the thickened axial elements as described by Barlow and Hultén (1998a) .
Nuclei containing fragmentary stretches of SCP3-or SCP1-positive threads were observed in ovaries from day 80 to 165 pc (Fig. 4B) . The DAPI-stained morphology of these nuclei resembled leptotene or zygotene stage. A few nuclei furthermore displayed condensed chromatin divided into separate domains, which were labelled by SCP3 antibody in a speckled pattern. The fragmentary SC labelling patterns of these nuclei correspond well to the degenerative Z cells that have been observed in rat and human ovaries (Barlow and Hultén, 1998a; Beaumont and Mandl, 1962) . However, none of the SCP3-positive cells showed a TUNEL-positive reaction and it remains to be determined whether they represent specific meiotic substages, such as early dictyate arrest, or whether they are early degenerative oocytes not yet showing a positive TUNEL-reaction.
In this context it is relevant to note that some of the cells in the germ cell clusters did show a positive TUNEL reaction (Fig. 4C) . These nuclei, referred to as pycnotic by Ohno and Smith (1964) , showed varying degrees of condensation and we therefore consider them degenerating (athretic) oocytes. This is an expected finding, since germ cell reduction in ovaries generally occurs by apoptosis among mitotic and meiotic populations (reviewed by Morita and Tilly, 1999) .
Sex differences of synapsis initiation
The studies of SC formation in bovine fetal ovaries described above reveal differences in the pattern of synapsis initiation between bovine spermatocytes and oocytes (Pfeifer et al., 2001) . To obtain a direct comparison of the pattern of synapsis initiation between three-dimensionally preserved bovine oocytes and spermatocytes I, cryosections of ovarian and testicular tissue were costained for SCP1 and telomeres. Early-to-mid zygonema was identified by stretches of SCP1-positive SC and clustered perinuclear telomeres. A total of 11 male and 20 female zygotene stage germ cells was analysed by recording two to five consecutive optical sections of each nucleus using conventional fluorescent microscopy.
In early zygotene spermatocytes I, numerous, and generally short, stretches of SCP1-positive SCs were located close to telomeres at the cluster site (Fig. 5A-C) . Oocyte nuclei at this early stage of synapsis, in contrast, displayed only a few relatively long synapsed regions. The synapsed segments were detected near the peripheral telomeres as well as in the nuclear interior (Fig. 5D-F) . The different intranuclear distribution between early zygotene oocytes and spermatocytes I shows that synapsis initiates predominantly near the peripheral telomeres at the nuclear envelope of spermatocytes, while synapsis commences at both terminally and interstitial regions in oocytes.
Discussion
We have investigated the occurrence of prophase I stages in the ovary of bovine fetuses using immunostaing of SC proteins in conjunction with telomere staining by PNA FISH. In agreement with histological studies (Erickson, 1966; Henricson and Rajakoski, 1959; Koykul and Basrur, 1994; Ohno and Smith, 1964; Rüsse, 1983) , we observed that the outer region at the germinative epithelium contains mostly oogonia and preleptotene stage oocytes, whereas the well-developed ovigerous cords of the middle region are formed by germ cell clusters with oocytes in all stages of meiotic prophase. The germ cells of the inner region close to the medulla are primarily diplo-or dictyotene stage oocytes isolated in primordial follicles.
A direct comparison (Fig. 6 ) of the timing of synapsis initiation in male (Pfeifer et al., 2001 ) and female bovine germ cells (this study) reveals that initiation in oocytes, as visualised by SCP1 staining, coincides with tight clustering of telomeres (bouquet formation)-a timing which mirrors that of bouquet formation in spermatocytes of cattle and other mammals (Belar, 1928; Bojko, 1983; Pfeifer et al., 2001; Rasmussen and Holm, 1978; Scherthan et al., 1996) , as well as species of different kingdoms (see Bass et al., 2000; Scherthan, 2001; Zickler and Kleckner, 1998) . In contrast to the male, however, the telomere clustering in the cattle female is established during leptotene and persists during zygotene and even into early pachytene stage. Thus, bouquet dissolution is more rapid in the bovine male and occurs only during zygotene (Pfeifer et al., 2001) . The significantly longer duration of the bouquet stage in female germ cells, as compared to males, leads us to suggest that tighter telomere clustering and a prolonged bouquet stage during ovarian development contributes to prealignment and interstitial synapsis initiation in the female (see below).
In early preleptotene stage oocytes, intranuclear aggregates of SCP3 axial element protein appeared before the relocation of telomeres to the nuclear periphery, which mirrors the sequence in bovine spermatocytes (Pfeifer et al., 2001 ) but contrasts with findings in mouse spermatogenesis. In the latter, intranuclear SCP3 aggregates are first observed after telomeres have repositioned to the nuclear periphery (Scherthan et al., 1996) . However, these variant observations in the two mammals may result from technical differences, because the mouse analysis was carried out on paraffin tissue sections (Scherthan et al., 1996) that may be less sensitive in the detection of smaller protein amounts than the cryosections used for the cattle analysis. Intranuclear SCP3 aggregates have also been observed in rat oogenesis but their relation to telomere repositioning is currently not known.
In microspread human oocytes, immunostaining of SCP3 produces a distinctive labelling of axial cores and synapsed regions of the chromosomes, with weakly labelled unpaired axial elements and strongly labelled SCs (Barlow and Hultén, 1998a) . This contrasts with the absence of such differences in tissue sections of bovine ovaries. Likewise, no difference has been described for intact nuclei of spermatocytes in cattle, mouse, and man (Pfeifer et al., 2001; Scherthan et al., 1996) , which likely relates to a higher sensitivity of the spreading technique in fine-structure analysis of synapsis. Parallel IF analysis of male and female meiocytes revealed that, as judged by eye, the staining intensity of SCP3-positive axial elements in spermatocytes was always stronger than the intensity obtained in bovine oocytes. Similar sex differences have been observed in rat and have been suggested to reflect differences in the composition of the SC in relation to the greater complement length in oocytes versus spermatocytes . However, this seems unlikely the case in cattle, where the SCs are of approximately the same length in both sexes (Dollin et al., 1989; Koykul and Basrur, 1994) .
We observed that synapsis predominantly initiates terminally in the male, whereas it initiates at both terminal and interstitial regions in the female. Similar differences in synapsis initiation in male and female meiocytes have been found in man: Three-dimensional reconstruction of serial sections from the electron microscope have shown that human spermatocytes display mainly telomeric synapsis initiation (Rasmussen and Holm, 1978) , whereas both telomeric and interstitial synaptic pairing has been observed in human oocytes (Bojko, 1983) . Studies by microspreading of human meiocytes have generally revealed synaptic pairing of homologs in terminal regions in both sexes Hultén, 1996, 1998a; Speed, 1988; Speed and Chandley, 1990; Wallace and Hultén, 1985) , but a few interstitial initiation sites have been reported in oocytes (Barlow and Hultén, 1996; Wallace and Hultén, 1985) .
It is conceivable that the sex differences in the chromosomal distribution of synapsis initiation may have functional consequences, since the number and distribution of MLH1 foci, a component of late recombination nodules that mark sites of crossing over (Baker et al., 1996) , show a similar bias of distribution. In mouse and man, near-terminal MLH1 foci are more frequently observed in spermatocytes than in oocytes (Ashley and Plug, 1998; Barlow and Hultén, 1998b) . This is in good agreement with the interstitial chiasmata distribution and general expansion of the genetic map in the interstitial chromosomal regions in females of human and mice Lawrie et al., 1995; Yu et al., 2001) . The genetic maps from cattle have so far provided evidence for a sex difference of cattle chromosomes 1 and 21 (BTA1 and BTA21, respectively), which Fig. 6 . Schematic representation of chromosome pairing and synapsis initiation in male and female bovine germ cells. In the male, chromosome polarisation is restricted to leptotene/zygotene and synapsis-initiation is terminal (Pfeifer et al., 2001) , while in female cattle meiosis telomere clustering lasts into pachytene and synapsis initiates both terminally and interstitially. Telomeres are shown as black dots, SCP3 staining is illustrated in green and SCP1 staining is given in red.
both show an accumulation of recombination sites at telomeric regions in males (Barendse et al., 1993; Taylor et al., 1998) . Other chromosomes such as BTA4, however, fail to display a sex difference in their genetic maps (Casas et al., 1999) . This chromosomal variability should allow the testing of whether the sex differences of the genetic map are reflected in the chromosomal distribution of cytological markers of recombination.
Another consistent feature observed in early zygotene oocytes was the general presence of a few, relatively long synapsed segments, indicating advancement of synapsis between pairs of homologs before synapsis even starts in others. This distinctly asynchronous pattern was not observed in spermatocytes that generally displayed many short synapsed segments at early zygonema (Pfeifer et al., 2001 ). However, a more detailed analysis will be necessary to elucidate whether the asynchronous synapsis initiation and progression is a random process or whether it preferentially involves certain homolog pairs as has been observed in other species (see Scherthan and Schonborn, 2001 and references therein) . Finally, it will be interesting to see whether the pronounced asynchrony in synapsis in females has any bearing on the incidence of synaptic errors, which seems to be tolerated in higher numbers in females as compared to males Yuan et al., 2002; Koykul and Basrur, 1994; Dollin et al., 1989) .
